Materials and Methods
µg/ml saponin (pH 7.2) for 30 sec (2). After permeabilization, cells were incubated in a solution containing (in mM) 100 potassium aspartate, 1.0 MgCl 2 , 20 KCl, 0.5 EGTA, 10 glutathione, 20 HEPES, 8% dextran (MW 35,000-45,000), 10 KH 2 PO 4 , 5 succinate, and 0.02 ADP (pH 7.2 ).
Confocal imaging of mitoflashes
An inverted confocal microscope (Zeiss LSM 710) with a 40×, 1.3 NA oil-immersion objective was used for imaging. When acquiring the mt-cpYFP signal alone, images were captured by exciting alternately at 488 and 405 nm, and collecting the emission at >505 nm.
To obtain mt-cpYFP and TMRM signals simultaneously, images were captured by tandem excitation of scan-lines at 488, 405, and 543 nm, and emission collection at 505-530, 505-530, and >560 nm, respectively. To record the mt-cpYFP and NADH signals simultaneously, images were acquired by alternative excitation at 488 nm (confocal) and 720 nm (twophoton), and emission collection at >505 nm and 420-470 nm, respectively. The FAD autofluorescence, which is inversely related to FADH 2 , was acquired with excitation at 488 nm and emission collection at 500-650 nm. To record the mt-cpYFP and SNARF-1 signals simultaneously, images were acquired by alternative excitation at 488 nm and 405 nm, and emission collection at 505-530, 545-595 (for SNARF-1 S1) and 615-735 (for SNARF-1 S2).
The pH change was reported as the S2/S1 ratio. For DCF measurement, the indicator (5 μM) was loaded at 37°C for 20 min followed by washing 3 times. When clear enrichment in mitochondria was observed, DCF fluorescence imaging was performed by exciting at 488 nm and collecting emission at >500 nm, with a low laser intensity to minimize photochemical reaction of DCF. For mitoSOX measurement, the indicator (5 μM) was loaded at 37°C for 20 min followed by washing 3 times. The mitoSOX fluorescence was reported by exciting at 514 nm and collecting the emission at 559-740 nm. To record the pHTomato signals, images were acquired by excitation at 543 nm and emission collection at 551-690 nm. For grx1-roGFP2 recording, the images were captured by excitation at 405 nm (S1) and 488 nm (S2) and emission collection at 491-531 nm. The fluorescence ratio S1/S2 showed the changes of redox potential.
In typical time-series recordings of mitoflashes, 100 frames of 900×256 (for adult cardiomyocytes) or 512×512 pixels (for neonatal cardiomyocytes or HeLa cells) were collected at 0.10-0.14 μm/pixel in bidirectional scanning mode. For grx1-roGFP2 recording, 150 frames were captured at 30-60 frames/min, and the axial resolution was set to 1.0 μm. All experiments were performed at room temperature (22-26°C) unless specified otherwise.
Proton uncaging from NBA
Cells were loaded with 1 mM NBA as the proton donor, as previously described (3).
Photolysis of NBA for proton uncaging was mediated by 405 nm laser illumination at various intensities (0.5% to 3% of full laser power of 15 mW) was applied to whole cells or predefined subcellular areas of cardiomyocytes. The photolysis protocol was interleaved with image acquisition with excitation at 488 nm, in a line-by-line (whole-cell uncaging) or frameby-frame fashion (uncaging in subcellular region of interest).
Background pH measurement
Cytosolic pH was measured with SNARF-1 and mitochondrial pH with mt-EYFP or mtpHTomato. For SNARF-1 fluorescence, images were acquired by exciting at 488 nm and collecting the emission at >545-595 (S1) and 615-735 (S2). SNARF-1 was localized to both mitochondria and the cytosol, signals from the nuclei were used for cytosolic pH measurements. For mt-EYFP fluorescence, images were captured by exciting at 488 nm and collecting the emission at >500 nm. For pHTomato fluorescence, images were acquired by excitation at 543 nm and emission collection at 551-690 nm.
Image processing and mitoflash analysis
Confocal images were analysed using custom-developed programs written in Interactive Data Language (IDL, ITT). Cell-motion artefacts and background fluorescence changes were corrected by image processing and individual mitoflashes were located with the aid of FlashSniper (4).
Numerical simulation of proton spikes during uncaging
Dynamics between protons (H + ) and pH buffers (B) in the matrix were depicted by the following ODEs: 
The mean distance of diffusion (l) = √6 Where = 500 2 ⁄ refers to diffusion coefficient of protons (6). In this model, buffer capacity can be defined as
Using the above parameters we have the buffer power to be 5.0 mM at pH 8.0, in agreement with the value measured experimentally (8).
Statistics
Data are expressed as mean ± SEM. When appropriate, Student's t-test was applied to determine the statistical significance. P<0.05 was considered statistically significant. 
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